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Introduction gether, the results show that there are about 700 transmitter quanta immediately available for release at the Depletion of a pool of readily releasable transmitter calyx of Held and that a single presynaptic action potenquanta during trains of presynaptic action potentials has tial evokes the release of a fraction of about 0.2 of the often been proposed as a mechanism for synaptic shorttotal pool. term depression (Elmquist and Quastel, 1965; Kusano and Landau, 1975 ; for reviews, see Zucker, 1996; Neher, Results 1998). However, depletion is difficult to prove directly, and alternative mechanisms, such as presynaptic Ca ] e should not increase role of vesicle pool depletion in short-term depression at the quantal content of EPSCs. If, however, only a suba given synaptic connection, it is of crucial importance to maximal fraction of the pool is released with each action know the size of a pool of readily releasable transmitter potential, then it can be expected that a larger fraction quanta (Rosenmund and Stevens, 1996) , as well as the of the readily releasable pool is recruited by increasing fraction of the pool that is released during a single prethe presynaptic Ca 2ϩ influx. Extrapolation to values of synaptic action potential. This "released fraction" (Reyes saturating [Ca 2ϩ ] e should give a lower limit for the estiet al. 1998) will set the rate at which the pool is depleted mate of the number of readily releasable transmitter during repetitive stimulation and is therefore a crucial quanta. parameter for determining the short-term plasticity beEPSCs were evoked by fiber stimulation at 0.1 Hz, a havior at a given synapse. frequency at which the effect of cumulative depression The axosomatic synapse of the calyx of Held, located on EPSC amplitude is negligible (von Gersdorff et al., 1997). When [Ca 2ϩ ] e was elevated from 2 mM to 4 mM * To whom correspondence should be addressed (e-mail: rschneg@ gwdg.de).
and 10 mM, EPSC amplitudes were potentiated 2.23 Ϯ ] e was changed from 2 to 10 mM. As can be seen in Figure 2B, ] e , at a constant Mg 2ϩ concentration of 1 mM ( Figure 2D ; n ϭ 6 cells). This data set was fitted cross symbols in Figure 1C) ] e were slightly, but significantly, larger than the Figure 6B ). Subsequently, another flash, followed by a double depolarEPSCs evoked by flashes and by depolarizations (compare Figures 6A and 6B) , and it induced an increase of ization, was applied to test for inhibition of transmitter release ( Figure 6B, thick trace) .
the flash-evoked EPSC amplitudes to 147% Ϯ 31% of average pool size estimate of 695 transmitter quanta (range, 390-1220 quanta).
Discussion
We have estimated the number of readily releasable transmitter quanta at a large, auditory brainstem synapse, the calyx of Held, by using three independent approaches, which gave converging results. In the first approach, we have attempted to maximize the transmitter output during EPSCs, by elevating the extracellular Ca 2ϩ concentration ([Ca 2ϩ ] e ), and the quantal content for saturating presynaptic Ca 2ϩ influx was extrapolated (Figure 3) . In a second approach, repetitive fiber stimulation at high frequencies was used to depress synaptic transmission, and cumulative EPSC amplitudes were calculated for short time intervals (Figure 4) . In a third approach, two independent, strong Ca 2ϩ stimuli for transmitter release were given in close temporal succession, ] e was changed from 2 to 5 mM. Also, by analyzing EPSC amplitude fluctuations, the release larger peak EPSCs when release occurs asynchronously. However, an additional small presynaptic effect probability was estimated to be 0.87 at the calyx of Held of 9-to 11-day-old rats (Chuhma and Ohmori, 1998). of CTZ (Barnes-Davies and Forsythe, 1995; Diamond and Jahr, 1995) cannot be excluded at present. NeverOur finding, however, that EPSCs can be further potentiated up to 5-fold (Figure 3) shows directly that the fractheless, such an effect should not invalidate our conclusion that cross-inhibition of transmitter release (Figures tion of the total pool that is released with a single action potential cannot be larger than about one-fifth for the 5 and 6) is largely mediated by a depletion of a pool of readily releasable transmitter quanta.
average of the cells analyzed here. It seems difficult to decide at present whether the discrepancy between our Since the combination of a maximal flash and the first depolarization largely depleted the pool of available estimate and the previous one (Chuhma and Ohmori, 1998) is due to technical differences or due to a different quanta (note the absence of responses to the second depolarizations; Figures 5Cb and 6B) , the summed postdefinition of release probability. Ca 2ϩ influx with single presynaptic action potentials synaptic charge transfer after the combination of the two stimuli should reflect the size of the readily releasshowed a pronounced saturation, with a value of only 2.6 mM [Ca 2ϩ ] e for half-maximal Ca 2ϩ influx (Figure 2 ). able pool. Charge transfer was analyzed, because the rise and decay times of the flash-evoked responses indiThis effect, which probably results from a saturation of single channel conductance in Ca 2ϩ channels (see cate that release occurred slightly asynchronously, which would lead to an underestimation of quantal conChurch and Stanley, 1996), has to be taken into account when a quantitative relationship between Ca 2ϩ concentent if peak amplitudes were analyzed. In the absence of CTZ, the total charge transfer with the sequence of tration and quantal content is derived. To do so, we plotted quantal content directly as a function of the flash followed by double depolarization was found to be 39.1 Ϯ 13.9 pC ( Figure 5D Figure 3 lating that exocytosis and adaptation have the same predicts a saturation of transmitter output at an estiCa 2ϩ sensitivity. This, however, would make it difficult mated quantal content of about 700, a value that is to distinguish between the effects of vesicle depletion congruent with the pool size estimates from two addiand those of Ca 2ϩ adaptation. tional approaches (Figures 4-6 and Discussion below).
Another form of rapid depression in hippocampal synAn interpretation of this finding in terms of a kinetic apses was found to be use dependent and recovered scheme that assumes a series of Ca or otherwise a fairly large fraction of the total pool of docked vesicles. 
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